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The physics (motivation)

e What are the forces driving the shell structure in nuclei and how do they change in nuclei far from
stability?

e What remains of the Z = 28 and N = 50 “magic numbers” in "3Ni?

e Do we understand shape coexistence in nuclei, and what are the mechanisms controlling its appearance?

Changes B stable nuclei

. [ ] observed nuclei -
in nuclear structure O unknown nuclei (predicted)

far from stability '\ZOSPb

e Shell evolution
towards 78Ni

126
e Shape coexistence

“west” of 208pp
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Shell evolution towards 78Ni

e Migration of nif, ,, rif;
as vgy, is filled
(tensor interaction)
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FIG. 4. Energy level systematics for %7173Cu. Energies are
given in keV. The data for ®Cu are taken from Ref. [18].
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FIG. 3. Energy of the lowest levels from experiment [2,5,6]
compared to large-scale shell-model calculation [25].

K. Flanagan et al.,
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Shell evolution towards 78Ni

e Migration of nif, ,, rif;
as vgy, is filled
(tensor interaction)

L L L B 0
g9/ 2 | (b) proton SPE of Ni isotopes
I \']
7/2 20 F -20 2 1
[ -25 — : : : : :
4-0 T 5'0 40 42 44 46 48 50
proton neutron N Neutron number
T. Otsuka’ et al.' K. Sieja, F. NowaCki,
PRL 104 (2010) 012501 PRC 81 (2010) 061303(R)

KU LEUVEN

Riccardo Raabe — KU Leuven ReA Solenoidal Spectrometer Projects — Argonne, 24/03/2017



Motivation @@0OO Method OOO Scintillators QOO Conclusions OO

Shell evolution towards 78Ni

e Migration of nif, ,, rif;
as vgy, is filled
(tensor interaction)
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Single-particle and deformation
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Novel shape evolution in exotic Ni isotopes and configuration-dependent shell structure
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Shape coexistence “west” of 208Pb
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A. Andreyev et al., Nature 405 (2000) 430
186pb

e States characterised by different shapes
appear at low excitation energy

e Example: n-deficient Pb region
186pp triple-shape coexistence
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Shape coexistence “west” of 208Pb

e States characterised by different shapes
appear at low excitation energy

e Example: n-deficient Pb region
186pp triple-shape coexistence
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Problem: density of states
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Importance of y-ray detection
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Method: active target + y-ray array

Challenges
® Resolution

e Efficiency

- Choices

® Active target

e Magnetic field parallel
to beam direction
to confine emitted particles
and minimize material

® + y-ray detection

KU LEUVEN

Riccardo Raabe — KU Leuven ReA Solenoidal Spectrometer Projects — Argonne, 24/03/2017



Motivation 000 @® Method @@ Scintillators QOO Conclusions OO

Challenges for y-ray detection

e Good resolution and efficiency
e Placement in a magnetic field
e Possible use of digital electronics

e Budget

p N\
-> Scintillation crystals (LaBr; or CeBr;)

— Silicon photomultipliers (SiPMs)
—> Compact design

\ J
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Challenges for y-ray detection

SiPMs

e Good resolution and efficiency reAd boare Field cage
S oaras

Scintillation
crystals

e Placement in a magnetic field
e Possible use of digital electronics

e Budget

Pad plane

( ~ Gas ‘
—> Scintillation crystals (LaBr; or CeBr;) chamber

Beam
entrance

— Silicon photomultipliers (SiPMs)

—> Compact design
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Characterising the scintillation crystals

e Test resolution against
- SiPMs
- Digital electronics
- Magnetic field

e Optimise efficiency
- validate results of simulations

KU LEUVEN

Riccardo Raabe — KU Leuven ReA Solenoidal Spectrometer Projects — Argonne, 24/03/2017



Motivation 000 @® Method @@ Scintillators @ @0 Conclusions OO

Efficiency

Work of J.A. Swartz, O. Poleshchuk

e 1.5"x1.5"x1.5” CeBr; at 120 mm

— Simulation under control

e Sim mExp
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Efficiency
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Work of J.A. Swartz, O. Poleshchuk

® Detector size

- the bigger the better

4 Hex, 54cryst, 1,5"x1,5"x1,5", Rin=119,512mm
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Efficiency
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Work of J.A. Swartz, O. Poleshchuk

e Add-back
only neighbouring crystal

e Understand from count rate
if other addback possible
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N

Established by the European Commission

2l
T

E, and E; remain
unchanged
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Resolution

Work of J.A. Swartz, O. Poleshchuk
Tests in 3T-magnetic field at the UZ Leuven
e 1,5”"x1,5”x1,5” LaBr; and CeBr; crystals
® (C-series SiPM array

e Analog, Standard digital (CAEN)
and GET system

CeBry+SiPM 5.3 % 5.7 % 6.0 %

Detector

CeBr;+SiPM 53% 5.6 % 6.0 %

LaBr;+SiPM 3.5% 3.7% 4,2 %
LaBr;+SiPM 3.5% 39% 4.2 %

—> No measurable effect of the magnetic field
— Resolution worse (=1%) through use of SiPMs
and digital electronics
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Status — Conclusions

7

e Scintillation detectors purchased, delivery within 8 months

e Chamber design in full progress
® GET electronics (2000 channels) acquired

e First version pad plane and assembly by end 2017
tests in Legnaro or Catania

_® Measurements in 2018 (?) |
'Thanks to the SpecMAT team! ‘

A. Arokja Raj, M. Babo, S. Ceruti, T. Marchi, O. Poleshchuk, M.
Renaud, H. De Witte, J. Yang
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